Although a number of chemicals have been isolated from Lantana camara, only a few have been evaluated for their biological significance. As part of our drug discovery program for cytotoxic agents from Indian medicinal plants, roots of L. camara L. were chemically investigated, which resulted in the isolation and identification of a cytotoxic agent, oleanolic acid (1b) as a major constituent. Oleanolic acid was converted into six semi-synthetic ester (2-7) and seven amide (8-14) derivatives. The ester derivatives (2-7) showed 3-6 times more selective activity than 1b against the human ovarian cancer cell line (IGR-OV-1), while amide derivatives 8-14 showed 16-53 times more selective activity against the human lung cancer cell line (HOP-62). Structure activity relationship within the ester (2-7) and amide (8-14) derivatives are discussed.
Over the past few years triterpenoids from higher plants have shown a wide range of biological activities [1] , such as cytotoxic [2] , antitumor [3] , antiviral [4] , anti-inflammatory [5] and anti-HIV [6] . As part of our drug discovery program for cytotoxic agents from Indian medicinal plants [7] , roots of Lantana camara were taken for detailed chemical and biological investigations. In the present study, isolation of the cytotoxic agent, oleanolic acid [OA, (1b)] from the roots of L. camara, its chemical transformation into ester (2-7) and amide (8) (9) (10) (11) (12) (13) (14) derivatives (scheme 1) and their cytotoxic evaluation against various human cancer cell lines are discussed.
Structural modification of natural products is one potential strategy for the development of new anticancer drugs, of which triterpenoids and their derivatives are of particular interest [8] . It has been observed that modification of the C-28 acid (COOH) group of oleanolic acid with ester and amide derivatives enhances the cytotoxic activity [9] , hence in order to study structure activity relationship of these derivatives with cytotoxicity, some new ester and amide derivatives of oleanolic acid were prepared. The structure and general synthesis of derivatives designed are shown in scheme 1. For the synthesis of ester and amide derivatives in alkaline conditions required preventive protection of the hydroxyl groups in OA (1b), preferably with acetate. The protected 3-O-acetyl oleanolic acid, therefore, was obtained by reacting OA (1b) with acetic anhydride (2 eq) in the presence of dry pyridine (illustrated in scheme 1 as a representative example of the general procedure). For preparing acid chloride, the 3-O-acetyl oleanolic acid was reacted with oxalyl chloride (1-2 eq) in dry dichloromethane (DCM) in a N 2 atmosphere. After three hours of stirring, the respective dry alcohols (1.5 eq) for esters or dry amines (1.5 eq) for amides were added under a nitrogen atmosphere. The resulting air tight reaction mixture was refluxed for 3-4 hours, which resulted in the formation of the desired ester and amide derivatives. Yields of derivatives are shown in the experimental part and spectroscopic data ( 1 H / 13 C NMR) in the supplementary file.
Cytotoxic activities of oleanolic acid (1b) and its semisynthetic ester derivatives 2-7 against the various cancer cell lines are presented in Table 1 , using 5-flurouracil (5-FU), paclitaxel and adriamycin as controls. All the compounds showed cytotoxicity against the various cancer cell lines. Oleanolic acid (1b) itself showed significant activity against the human neuroblastoma (IMR-32), colon carcinoma (HCT-15) and lung (A-549) cancer cell lines, but showed only moderate and weak activities against human colonic tumor (SW-620) and ovarian (IGR-OV-1) cancer cell lines, respectively. From Figure 1 it is evident that all the semi-synthetic derivatives (2-7) were 3-6 times more active than the starting material OA (1b) against the human ovarian cancer cell line (IGR-OV-1), while these derivatives showed weak activity against all the other tested human cancer cell lines. Further structure activity relationship (SAR) for oleanolic acid ester derivatives (2-7) against the ovarian cancer cell line (IGR-OV-1) can be derived. Table 1 clearly demonstrates that with the increase of carbon atoms in the side chain from 2 to 4 (2-5), activity increased. It was further noticed that this increase in activity was directly related to branching of the carbons, as a decrease in activity was observed in the 4 and 5 carbon ester derivatives 6 and 7 due to loss of branching (6) and increase in carbon atoms (7) .
The cytotoxic activities of oleanolic acid (1b) and its semi-synthetic amide derivatives (8) (9) (10) (11) (12) (13) (14) against the various cancer cell lines are presented in Table 2 using paclitaxel, mitomycin C and adriamycin as controls. All the compounds showed cytotoxicity against the various cancer cell lines. Oleanolic acid (1b) itself showed significant activity against the human lung (A-549), prostate (PC-3), breast (MCF-7), and CNS (SF-295) cancer cell lines, but was inactive against the lung (HOP-62) cancer cell line. On the other hand ( Figure 2 ), all the semi-synthetic derivatives (8-14) showed 13-53 times more activity ( Cytotoxic activity of oleanolic acid derivatives Further structure activity relationship (SAR) for oleanolic acid amide derivatives (8) (9) (10) (11) (12) (13) (14) against the lung (HOP-62) cancer cell line can be derived. Table 2 clearly demonstrates that with the increase of carbon atoms in the amide side chain from three to eight (8-9), activity decreased. Similarly, unsubstituted aryl amide derivatives of OA (10) also showed increase in activity. Careful observation also revealed that when OA (1b) was transformed into the anilamide derivative (11), having an electron donating substituent on it, the activity increased dramatically, but when the anilamide derivatives (12) (13) (14) were substituted with electron withdrawing substituents, the activity dramatically decreased. The findings presented here are relevant because they validate folk uses of L. camara extracts for the treatment of cancers.
It may also be concluded that OA ester derivatives 4 and 5 and amide derivative 11 possess potential activity against human ovarian (IGR-OV-1) and lung (HOP-62) cancer cell lines, respectively. These results may be of great help in anticancer drug development from a very common, inexpensive and non-toxic natural product. 
Extraction and isolation of oleanolic acid:
The fresh, shade dried roots of L. camara were powdered (700 g) and successively extracted with n-hexane (3 x 2 L, 24 h each) and EtOAc (4 x 2 L, 24 h each) at room temperature to yield n-hexane (2.1g) and EtOAc (18.2g) extracts, respectively. Further EtOAc extract (18 g) was separated by vacuum liquid chromatography (VLC) using silica gel H (260 g). Gradient elution was carried out with n-hexane, chloroform and methanol. The early fractions eluted with chloroform: methanol (99:1) resulted in the isolation of oleanonic acid (1a, 0.17%), while the later fractions eluted with chloroform: methanol (99:1) resulted in the isolation of oleanolic acid (1b, 0.7%).
Chemical derivatization of oleanolic acid: Derivatization of oleanolic acid into its ester (2-7) and amide (2-14) derivatives (Scheme 1) was carried out according to the procedures reported [10, 11] . The products were purified by CC, which afforded the desired compounds in 65-80% yield. The 1 H and 13 C NMR data were in agreement with the proposed structures (see supplementary data).
Cytotoxicity assay:
The human cancer cell lines procured from the National Cancer Institute, Frederick, U.S.A, were used in the present study. Cells were grown in tissue culture flasks in complete growth medium (RPMI-1640 medium with 2 mM glutamine, pH 7.4, supplemented with 10% fetal calf serum, 100 µg/mL streptomycin and 100 IU/mL penicillin) in a carbon dioxide incubator (37ºC, 5% CO 2 , 90% RH). The cells at the subconfluent stage were harvested from the flask by treatment with trypsin (0.05% in PBS (pH 7.4) containing 0.02% EDTA). Cells with viability of more than 98%, as determined by trypan blue exclusion, were used for the determination of cytotoxicity. The cell suspension of 1 x10 5 cells/mL was prepared in complete growth medium.
Stock solutions (2 x 10 -2 M) were prepared in 20% pyridine + 80% DMSO. A suitable control with an equivalent concentration of pyridine and DMSO was used to compare the results. The stock solutions were serially diluted with complete growth medium containing 50 µg/mL of gentamycin to obtain a working test solutions of 1 x 10 -4 M.
In vitro cytotoxicity against 9 human cancer cell lines was determined using 96-well tissue culture plates [12] . One hundred µL of cell suspension was added to each well of the 96-well tissue culture plates. The cells were allowed to grow in a CO 2 incubator (37ºC, 5% CO 2 , 90% RH) for 24 h. Test materials in complete growth medium (100 µL) were added after 24 h incubation to the wells containing cell suspension. The plates were further incubated for 48 h (37 o C, 5% CO 2 and 90% RH) in a carbon dioxide incubator. The cell growth was stopped by gently layering trichloroacetic acid (50% TCA, 50 µL) on top of the medium in all the wells. The plates were incubated at 4 o C for 1 h to fix the cells attached to the bottom of the wells. The liquid of all the wells was gently pipetted out and discarded. The plates were washed 5 times with distilled water to remove TCA, growth medium, low molecular weight metabolites, and serum proteins, and air-dried. Cell growth was measured by staining with sulforhodamine B dye (0.4 % w/v in 1% acetic acid) [13] . The adsorbed dye was dissolved in Tris-HCl buffer (100 μL, 0.01M, pH 10.4) and plates were gently stirred for 10 mins on a mechanical stirrer. The optical density (OD) was recorded on an ELISA reader at 540 nm. Anticancer activity results of oleanolic acid (1b) and its derivatives (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) are presented in Tables 1 and 2 after deducting the cytotoxicity effect of vehicle (20% pyridine + 80% DMSO) at equivalent concentration.
Supplementary data: Spectral data for oleanolic acid ester derivatives (2-7) and amide derivatives (8) (9) (10) (11) (12) (13) (14) .
